n estimated 218,890 men were newly diagnosed with prostate cancer in the United States in 2007, accounting for approximately 29% of all newly diagnosed cancer in American men. 1 Despite advances in standard treatments for localized prostate cancer, radical prostatectomy, external beam radiation, and brachytherapy are still associated with significant adverse effects on health-related quality of life. 2, 3 Because of this associated morbidity, several investigators have explored targeted focal therapy with cryoablation or high-intensity focused ultrasound as a potential treatment for localized prostate cancer. [4] [5] [6] In theory, targeted focal therapy would treat only the specific site or side of the prostate with the cancer in an attempt to minimize tissue injury and subsequent morbidity. However, for these targeted focal therapies to be effective in total tumor ablation, it is essential to accurately localize neoplastic lesions within the prostate with a high degree of reliability.
Transrectal ultrasound (TRUS)-guided biopsy of the prostate currently remains the standard of care for the initial diagnosis of prostate cancer. Over the years TRUS-guided prostate biopsy techniques have evolved from the traditional sextant pattern into a variety of extended pattern templates in which a greater number of cores are being obtained. Several studies have shown that the use of an extended pattern template increases the likelihood of detecting prostate cancer, 7, 8 but very few studies have investigated how well prostate biopsies predict tumor location to specific areas of the prostate. Despite this, a recent survey of French and Belgian urologists reported that 73% used prostate biopsies for tumor localization. 9 Therefore, we examined the ability of contemporary extended pattern prostate biopsy technique to predict location of tumor based on radical prostatectomy specimens. Secondarily, we sought to identify determinants of pathologic agreement between needle biopsy and radical prostatectomy findings.
MATERIALS AND METHODS
As part of an institutional review board-approved prospective cohort database study, 557 men were identified who underwent both prostate biopsy and radical prostatectomy at a tertiary care hospital. Of these 557 patients, 281 men underwent a standardized extended pattern prostate biopsy template in which at least 12 cores were obtained. All eligible biopsies were performed between 2002 and 2007. For each biopsy, a standardized 12-core extended pattern prostate biopsy template was used with laterally directed peripheral zone cores including the anterior horns in addition to the standard sextant technique. 10 The total number of biopsies taken was determined clinically by the individual urologist. In some cases, additional cores were obtained because of abnormal lesions on ultrasound or palpable nodules. All men included in the analysis subsequently went on to have a radical prostatectomy. Several men had multiple biopsies such that there were a total of 330 prostate biopsies in the 281 patients. In men who had more than 1 biopsy performed, only the biopsy closest to the time of prostatectomy was used for analysis, and thus 281 biopsies were included for analysis.
Radical prostatectomy specimens were examined by a genitourinary pathologist using a standardized protocol. The specimens underwent a standardized evaluation that includes tumor mapping by zones (right apex, left apex, right mid-base, left mid-base), evaluation of prostatectomy multifocality, maximal tumor dimensions, evaluation of capsular penetration, seminal vesicle involvement, surgical margins, and lymph node status. Each specimen was then given a pathologic TNM stage. This data was then entered into the prostate cancer database at our institution. Clinical data, including age, race, prebiopsy prostate-specific antigen (PSA), digital rectal examination results, clinical stage, prostate size estimated by transrectal ultrasonography, total number of needle cores, and the number of positive needle cores were obtained from our prostate cancer database. Pathological findings, including gland weight, cancer status, Gleason score, location of tumors, and maximum diameter of the largest tumor foci were also obtained from our prostate cancer database.
For statistical analysis, tumor location on all biopsies was first stratified by laterality: right versus left. Tumor location was then further substratified by specific site: right apex, left apex, right mid-base, left mid-base. As there were an insufficient number of cases where needle cores were targeted at the transition zone, no attempt was made to evaluate transition zone tumors separately. Tumor locations on biopsy were then compared with the corresponding location from the prostatectomy specimens and were used to calculate with 95% confidence intervals (CI) the positive predictive value (PPV) and negative predictive value (NPV) of prostate biopsy for each side and specific site. Logistic regression models using general estimating equations were constructed to determine the effect of various clinicopathologic variables on the pathologic agreement of tumor location between prostate biopsy and radical prostatectomy specimens. These same analyses were then also performed on a subset of low-risk patients (n 5 64) (clinical stage T1c, PSA <10, Gleason score <6, and unilateral positive biopsy) in whom targeted focal therapy may be more likely considered. To determine which clinical factors available for treatment planning are associated with pathologic agreement, we repeated our analyses and included only preoperative factors (PSA, clinical stage, biopsy Gleason score, ultrasound prostate volume, number of positive cores, total number of cores). All statistical analyses were performed using SAS (SAS Institute, Cary, NC) with a P-value of <.05 considered statistically significant. Table 1 shows the population of the 281 men in the study and their preoperative demographic and clini-cal characteristics. The mean age was 59.2 years old, with the majority of patients being Caucasian, and having nonpalpable disease and serum PSA <10 ng/mL.
RESULTS
The median number of total cores obtained with each biopsy was 12 with a range of 12 to 34. At the apex, a median of 4 cores were obtained with a range of 2 to 10, and at the prostate mid-base, a median of 8 cores were obtained with a range of 4 to 23. Table 2 displays the positive predictive value and negative predictive values of prostate needle biopsy to predict the location of cancer first by laterality (right vs left) and then further by specific site (right apex, left apex, right mid-base, left mid-base). Of the 281 prostate biopsies in the entire study population, the PPV of right and left needle biopsy was high at 97.3% and 96.7%, respectively. However, the NPV was low at 24.7% and 31.3%. When more specific locations were considered, the NPV improved at the right and left apex at 65.4% and 64.4%, respectively. However, this came at a cost to the PPV at the right and left apex, at 47.4% and 50.8%, respectively. Analysis of the subset of low-risk patients (clinical stage T1c, PSA <10, Gleason score <6, and unilateral positive biopsy) in whom targeted focal therapy would likely be more applicable demonstrated similar results (Table 2 ). Right and left needle biopsy as well as the right and left mid-base showed a high PPV and low NPV, but the right and left apex displayed a low PPV and high NPV. Table 3 summarizes the odds ratios (ORs) and the 95% CIs in the entire 281-patient study popula- tion of the effect of various clinicopathologic variables on the pathologic agreement of tumor location between radical prostatectomy specimens and prostate biopsy, first by right or left laterality of biopsy and then by specific site. When considering right versus left prostate biopsy, higher grade cancers (P 5 .03), larger tumor size (P 5 .04), and absence of multifocality on prostatectomy specimen (P < .01) significantly increased the agreement between biopsy and prostatectomy tumor location. When specific site of biopsy was considered, only tumor unifocality on prostatectomy (P 5 .02) significantly increased the agreement between tumor location on prostatectomy and needle biopsy. Table 4 shows the ORs and 95% CIs in the subset population of low-risk patients of the effect of various clinicopathologic variables on the pathologic agreement between radical prostatectomy specimens and prostate biopsy, again first by right or left laterality of biopsy and then by specific site. Of all the variables evaluated, only the absence of multifocality significantly increased the agreement both in the model including right versus left biopsy (P < .01) as well as in the model including specific site of biopsy (P 5 .01).
The impact of using only preoperative needle biopsy information (ultrasound prostate volume, number of positive cores, total number of cores, biopsy Gleason score) to predict pathologic agreement between radical prostatectomy and prostate biopsy was also examined. When considering right versus left prostate biopsy in the overall population, having only 1 positive biopsy core for cancer was associated with lower pathologic agreement (OR, 0.3; 95% CI, 0.2-0.5) (P < .0001) compared with having more than 1 positive core. A similar association was observed when specific sites of biopsy were considered (OR, 0.6; 95% CI, 0.4-0.8) (P 5 .002). However, in the subset population of low-risk patients, none of the preoperative clinical factors predicted pathologic agreement.
Tumor multifocality was present on radical prostatectomy specimen in 217 (77.7%) of the 281 total men. In addition, 158 (56.2%) of the 281 total men were identified with only unilateral disease on prostate biopsy; however, only 44 (40.4%) of these 158 were found to have true unilateral disease after examination of radical prostatectomy specimens.
DISCUSSION
Template-driven TRUS-guided prostate biopsy has undergone a significant evolution of techniques through the years. The traditional sextant pattern biopsy as first described in 1989 11 was the standard protocol for many years. However, several studies have recognized that the negative predictive value of sextant biopsy alone is relatively poor. [12] [13] [14] [15] This high number of false-negatives associated with sextant biopsy is likely because of its failure to adequately sample the prostate, as cancer detection has been shown to be a function of the number of needle cores taken and the direction of the needle cores. Multiple studies have demonstrated that contemporary biopsy methods with 10 to 12 cores and more laterally directed samples result in a higher yield of cancer detection when compared with the classic sextant biopsy template. 7, 8, 16, 17 These studies clearly illustrate our ever improving ability to detect cancer, but empirical data examining localization of prostate tumors with biopsy is sparse and has been limited to sextant biopsies.
Gregori et al 18 evaluated the accuracy of sextant biopsy in predicting the site of tumor location in 289 patients with clinically localized prostate cancer treated by radical perineal prostatectomy. Overall, 66.7% of the men had a unilateral positive biopsy. However, of these men with a unilateral positive biopsy, only 33.1% had cancer actually confined to 1 side of the gland on radical prostatectomy specimen. Similarly, Scales et al 19 evaluated 384 men with only 1 or 2 positive cores and unilateral disease on biopsy with a minimum of 6 cores and found that only 28.4% actually had unilateral disease based on final pathologic examination of the radical prostatectomy specimens. Our current study confirms these previous reports and extends prior observation to include contempor- ary 12-core template-driven extended needle biopsy. Overall, 56.2% of our patients displayed only unilateral disease on prostate biopsy. However, after evaluation of the radical prostatectomy specimen, only 40.4% of those with unilateral disease on biopsy actually had true unilateral disease. In addition, the poor negative predictive value of right and left biopsy on tumor laterality of 24.7% and 31.3%, respectively, further supports the limited reliability of prostate biopsy to exclude the presence of bilateral disease. Our findings demonstrate that despite evolution of biopsy techniques, contemporary 12-core extended pattern prostate biopsy still does not provide reliable localization of tumors to specific areas of the prostate. The well-documented multifocal, microscopic nature of prostate cancer 20 is the most likely reason for our findings of poor localization of cancer within the prostate. Considering this, another important finding in this study was that the absence of multifocality in the prostatectomy specimen was the only clinicopathologic variable that consistently and significantly increased the pathologic agreement between biopsy and prostatectomy specimens. The absence of multifocality increased the NPV at all sites, but this came at the cost of a decreased PPV at all sites. Unfortunately, multifocality is a pathologic characteristic that is not confirmed until after prostatectomy. Therefore, we repeated our analyses using only those factors that would be available for preoperative decision making (PSA, clinical stage, biopsy Gleason score, ultrasound prostate volume, number of positive cores, total number of cores). In these models, having only 1 positive needle core, which is conceptually related to tumor unifocality, was associated with pathologic agreement only for the total study population but not for the low-risk group. Indeed, it is noteworthy that no preoperative features were indicative of pathologic agreement for the lowrisk population.
Alternative explanations for the poor tumor localization with contemporary prostate biopsy technique include the systematic misclassification of tumor locations as a result of taking needle cores at an angle oblique to the posterior surface of the prostate. Although the needle path often will pass from 1 area of the prostate into the adjacent area (Fig. 1) , current labeling convention indicates only the site of entry into the prostate. Thus, as illustrated in the apical core in Figure 1 , a mid-prostate cancer has the potential to be misclassified as an apex cancer. In addition, current imaging with 2-dimensional gray scale ultrasonography limits tumor localization. The majority of prostate cancers are poorly visualized on gray-scale ultrasonography. 21 Although several modifications to ultrasonography including color flow Doppler imaging, bio-impedance, and contrast enhancement with microbubbles have been investigated to improve localization of discrete tumor, they are still likely to miss small foci of disease. [21] [22] [23] In breast cancer, management has evolved from radical treatment to localized treatment in the form of lumpectomy in which strict criteria for operable lesions have been developed and validated. However, similar criteria currently do not exist for prostate cancer and would require that the cancer be located where the biopsy is positive (high positive predictive value) and not where the biopsy is negative (high negative predictive value). Considering these conceptual criteria, our findings demonstrated that contemporary extended pattern prostate biopsy has a high PPV for right and left prostate biopsies as well as in the prostate mid-base. However, the low NPV suggests a low reliability to exclude the presence of cancer at those sites. Even when the biopsy was negative at these sites, over 2 thirds of the time there was still cancer present at the corresponding sites on the prostatectomy specimen. At the apex, the NPV improved, likely representing smaller sampled size; however, this came at a cost to the PPV. When we limited the analyses to the subset of patients with low-risk disease, there continued to be very limited ability to localize tumor foci properly.
This poor localization of neoplastic lesions in the prostate by contemporary extended pattern prostate biopsy raises particular concern when considering targeted focal therapy of localized prostate cancer, which attempts to treat only the affected side or specific site based on prostate biopsy. Focal targeted therapy with a curative intent of the prostate would require either reliable preoperative localization or use of a highly reproducible mapping of the tumor in 3-dimensional space, a goal that has yet to be achieved. Several studies have reported early results with targeted focal therapy of unilateral localized prostate cancer. Onik et al 6 reported on their experience with focal cryohemiablation in 9 men. Patients were only considered if their cancer was unilateral based on sextant biopsy. In addition, patients biopsied at other institutions underwent repeat biopsy with 7 to 8 additional cores from the peripheral zone on the side opposite of the previously demonstrated tumor before focal cryohemiablation. More recently, Bahn et al 4 reported their results with focal cryohemiablation in 31 patients. After an initial 6-to 8-core diagnostic biopsy, patients underwent color Doppler ultrasound with targeted biopsy of all the suspect lesions. Although some of these early results for focal treatment are encouraging, the biopsy techniques used in these studies as well as the poor localization of tumor to specific areas of the prostate by contemporary extended pattern biopsy in our current study still raise concerns about the possibility of missing other cancers within the prostate using these modalities.
This study has several limitations. First, our results are based on a single-institution, albeit prospective, study; thereby limiting generalizeability. Second, the standardized protocol of pathological tumor mapping of radical prostatectomy specimens currently performed at our institution includes and reports tumor location in only 4 zones: right apex, left apex, right mid-base, and left mid-base. Thus, in our current analysis, we are limited by the inability to differentiate between mid-prostate and prostate base. Although we are able to assess Gleason score, size of largest tumor foci, tumor multifocality, and presence/absence of tumor in specific regions of the prostate, our current standardized pathological evaluation of radical prostatectomy specimens does not allow us to determine Gleason score and size of each individual tumor foci within the prostate. In future studies, we hope to further evaluate the ability of prostate biopsy to predict the location of clinically significant disease to even more specific areas of the prostate, further differentiating between mid-prostate and prostate base and largest tumor foci.
So far as is known, this is the first study to evaluate the ability of contemporary extended pattern prostate biopsy to predict location of neoplastic lesions to specific regions of the prostate. Whereas the extended prostate biopsy techniques improved cancer detection,
